ABSTRACT -We performed functional gene screening, using a siRNA library targeting 8,500 human genes, to identify proteins that are involved in the susceptibility of cells to methylmercury. Screening revealed that downregulation of the gene for phosphatidylinositol glycan class B (PIGB) by siRNA confers resistance to methylmercury in HEK293 cells.
INTRODUCTION
Methylmercury is an important environmental pollutant and causes severe neurological disorders in humans (Clarkson, 2002; Castoldi et al., 2003) . However, the molecular mechanism underlying the toxicity of methylmercury remains to be clarified. To identify proteins that are involved in cell susceptibility to methylmercury, we performed functional gene screening using a siRNA library targeting 8,500 human genes (Paddison et al., 2004) .
MATERIALS AND METHODS

Transducing siRNA library into HEK293 cells
HEK293 cells were grown in Dulbecco's modified eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 100 IU/ml penicillin, and 100 mg/ml streptomycin. Cultures were maintained at 37°C in a humidified 10% CO 2 atmosphere. A GeneNet TM human 8.5 K siRNA library (System biosciences, Mountain View, CA, USA) that contained 8,500 well-characterized human genes was pre-packaged in pseudoviral particles using the FIV lentiviral expression system. The detailed protocol for the transduction of the siRNA library is available from System Biosciences. Briefly, HEK293 cells (2 × 10 6 cells/plate) were plated on five 10-cm plates and cultured in 10 ml aliquots of medium. After incubation for 24 hr, the culture medium was removed and the cells were transduced with the pseudoviral particles (4 × 10 6 ifu/plate) in plates containing 5 ml of DMEM/3% FBS with polybrene (final 6 μg/ml). After incubation for 12 hr, the culture medium was removed from each plate and replaced by 10 ml of DMEM/10% FBS without polybrene. Cells that had been stably transduced with the siRNA constructs were selected by their resistance to the antibiotic puromycin.
Selection of gene-specific siRNAs that confer resistance to methylmercury
The siRNA library-transduced cells (3 × 10 6 cells) were plated into 6-well plates (5 × 10 5 cells/well) containing 2 ml medium per well. After incubation for 24 hr, 18 μM methymercury chloride was added to each well and the cells were cultured for additional 48 hr. Then the medium was replaced by fresh medium and after a recovery period, the cells were maintained in DMEM containing the same concentration of methylmercury chloride for a further 48 hr. We obtained one colony that was strongly resistant to methylmercury. Total RNA was isolated from the colony with TRIzol ® (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol. Then the purified RNA was reverse transcribed by M-MLV reverse transcriptase (Invitrogen) using a primer (5'-TGCATGTCGCTAT-GTGTTCTGGGA-3') that was specific to sequence in the pFIV-H1 siRNA expression vector (System bioscience). The siRNA inserts from transduced cells were amplified by PCR by using the primers 5'-AAT-G T CT TTG G AT TTG G G A AT CT TA -3' an d 5 '-AAAAGGGTGGACTGGGATGAGTA-3'. The amplified DNA fragments were ligated into the pGEM-T Easy vector (Promega, Madison, WI, USA). The sequences of the siRNA inserts were verified by sequencing them on an automated sequencer.
Construction of an siRNA expression plasmid
For cloning into the pFIV-H1 siRNA expression vector, two D NA oligonucleotides pairs were employed; (PIGB-1: 5'-GATCCGGAATAAGTG-CTTTCTTAATTTCAAGCCTTCCTGTCAGAGCTT GAAATTAGGAAAGCGCTTATTTCTTTTTG-3' an d 5'-AA TTC A A AA A G A A A TAA G C GC TT-TCCTAATTTCAAGCTCTGACAGGAAGGCTTGA AATTAAGAAAGCACTTATTCCG -3'; and PIGB-
: 5 ' -G A T C C C T A G C T C T A G GT T T C T T G T -CTTCCTGTCAGAACAGGAAACTTAGAGCTGG
T TTTTG-3' an d 5' -AATTC AAAAACC AGC-TCTAAGTTTCCTGTTCTGACAGGAAGACAAGA AACCTAGAGCTAGG-3'), which encoded siRNAs that targeted the 1519-1545 and 1159-1167 regions of the gene PIGB, respectively. The oligonucleotides were annealed, phosphorated by T4 DNA polynucleotide kinase (Takara, Shiga, Japan), and then ligated into the pFIV-H1 siRNA expression vector. The sequences of oligonucleotide inserts were verified by sequencing them on an automated sequencer. Plasmid DNA was transfected with Lipofectamine TM 2000 reagent (Invitrogen) according to the manufacturer's protocols.
Confirmation of knockdown by real-time PCR
After 48 hr of knockdown with the siRNA expression vectors expressing PIGB-1 and PIGB-2 siRNA, cells were lysed in TRIzol ® reagent in order to isolate total RNA. First-strand cDNA synthesis was performed using the PrimeScrip TM RT reagent kit (Takara). We performed real-time PCR reactions (BioRad, iCycler TM thermal cycler) with the following primers: PIGB-F, 5'-TTGACTTGGGAATGGA-CAGA-3' and PIGB-R, 5'-AGACAGAAGTGCT-TGGGCAA-3' for the PIGB gene; and GAPDH-F, 5'-CGGGAAGCTTGTCATCAATGG-3' and GAPDH-R, 5'-GG C AG TG ATG G CATG GAC TG -3' for the GAPDH gene. The fold decreases in PIGB mRNA levels were determined from standard curves after calibration of the assay.
RESULTS AND DISCUSSION
We introduced an siRNA library (Paddison et al., 2004) that targets 8,500 human genes into HEK293 cells using the FIV lentiviral system. The pooled cells that had been stably transduced with the siRNA library were cultured in medium containing 18 μM methylmercury, a concentration that prohibited the proliferation of the parent cells. We obtained one clone that was able to grow in the presence of 18 μM methylmercury. An analysis of the nucleotide sequence of the siRNA insert in the resistant clone showed that it corresponded to the region 1519 − 1545 of the cDNA for phosphatidylinositol glycan class B (PIGB). Next, we introduced vectors expressing either the 1519-1555 siRNA (PIGB-siRNA1) or an siRNA (PIGB-siRNA2) against a different region (1159-1167) of PIGB cDNA into HEK293 cells using Lipofectamine TM 2000 reagent. Cells that had been transfected with either PIGBsiRNA1 or PIGB-siRNA2 exhibited significant resistance to methylmercury (Fig. 1a) and decreased levels of PIGB mRNA (Fig. 1b) . PIGB is an enzyme involved in the synthesis of the glycosylphosphatidylinositol (GPI) anchor which is a membrane attachment structure for many proteins that occur in a wide variety of eukaryotes from yeasts to mammals (Takahashi et al., 1996) . Our finding suggests that the GPI anchor might have an important role in sensitizing human cells to methylmercury. 
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